Living creatures, and the cells and molecules inside of them, exhibit complex patterns and behaviors that serve important biological functions. Looking at these spatiotemporal patterns, it is tempting to conjecture that they must be exquisitely controlled by complex rules or signaling pathways.
However, beginning with a seminal model of self-propelled particles by Vicsek [1] , and a hydrodynamic theory by Toner and Tu [2] , it became evident that large-scale patterns like bird flocking and fish schooling can emerge from a minimal set of local rules. This new field of active matter demonstrates that objects driven far from equilibrium via local energy injection can exhibit phenomena that are simply not possible in inert matter [3, 4] .
This new way of understanding emergent, collective behavior is extremely powerful, but we are just now beginning to apply it to gain insight into specific features of living systems.
For example, cells inside tissues expend energy to change their shapes, from isotropic ones, favored by surface tension, to anisotropic ones, favored by active forces or adhesive contacts. The statistics of these cell shapes is far from random; many tissues obey 'Lewis' law' that a cell's number of neighbors is linearly proportional to its size. Is this large-scale regularity generated by complex signaling? Kim et al [5] suggest not, by developing a theory for the packing of anisotropic shapes. This theory shows that Lewis' law is a simple consequence of disorder and geometry in anisotropic packings, thereby explaining its ubiquity in biological tissues.
Lynch et al [6] develop a method that uses this shape anisotropy to make predictions about force generation during fruit fly development. They compare experimental results for cell shape changes triggered via laser ablation to theoretical models to decipher where internal force generation inside cells dominates over contributions from external force generation (e.g. due to shear flows). Berthoumieux et al also use cell shapes to read out forces and tensions, by fitting data from micropipette aspiration experiments on cell doublets to an active gel model [7] .
In addition, anisotropy has important consequences for pattern formation in active nematics, such as rodlike bacteria or myosin bundles, as shown in a hydrodynamic theory for the kinetic equations of such materials [8] . Cells must also become anisotropic when they divide. Marel et al [9] demonstrate that the axis for cell division correlates strongly with an applied flow field, matching predictions from a previous particle-based model for cell division [10] .
Many of these active matter models for cells or animals support interesting dynamical phenomena, without the need for external signals or controls. Ranft et al demonstrate that a coarse-grained hydrodynamic model for tissues generates front propagation at the interface between an invading tissue and a host tissue, with implications for cancer tumors [11] . Gerum et al [12] show that a traveling wave is supported in a traffic-like model for penguins, recapitulating data extracted from videos of groups of emperor penguins in the wild. Previously, it was thought that an external signal and response (such as wind) was needed to generate the observed behavior. Similarly, Trong et al demonstrate that complex models are not necessary to achieve the complex behavior seen in planar cell polarity pathways that govern cell shapes and motility inside tissues. They show that several existing models (with different chemical species and signaling cascades) can all be approximated by a minimal set of PDEs, with nonuniform steady states that consist of propagating fronts [13] .
Taken together, these studies suggest that minimal physical models suffice to predict complex patterns in active matter. This is important, because they can provide simple mechanistic hypotheses that serve as a starting points or null models for scientists studying biological systems. Additionally it suggests that biological systems Any further distribution of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
are able to tune a small number of key parameters and use simple interactions rules to generate a diverse and beautiful array of behavioral or morphological phenotypes.
